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 Combustion sources are well-known sources 
of electrical ions (Howard, J.B. et al. 1973). Motor 
vehicles emissions are one of the main sources of 
ions in urban environments. The presence of 
charged particles in motor vehicle emissions has 
been known for many years (Kittelson, 1986; Yu et 
al, 2004; Jung and Kittelson, 2005). Although these 
particles are probably charged by the attachment of 
air ions, there is very little information on the 
nature, sign and magnitude of the small ions 
(diameter < 1.6 nm) emitted by motor vehicles 
and/or present by the sides of roads.  
           Experiments were conducted near a busy 
motorway with the aim of quantifying the 
concentration of small ions. Two air ion counters 
were utilized to determine positive and negative 
small ion concentrations. Wind speeds, wind 
direction and traffic density and composition were 
also recorded. Measurements were conducted with 
a steady wind of about 15 kmph, blowing normal to 
the road. The traffic density on the road was about 
100 vehicles per min in each direction. 
Approximately 15-20% of the vehicles were heavy 
duty diesel. The instruments were located on the 
upwind and downwind sides of the road at a 
distance of approximately 2m from the edge of the 
road at a height of about 1 m. Background ion 
concentrations were measured in an open park, well 
away from vehicular traffic. 
           A summary of the results are shown in Table 
1. Total ion concentrations on the upwind side were 
approximately 1.6 times higher than at the 
background site. The concentrations on the 
downwind side were approximately 1.9 times 
higher than on the upwind side. Median positive 
and negative ion concentration differences between 
the two sides of the road were 442 and 527 cm-3 
respectively. Time series of the positive and 
negative air ion concentrations at background, 
upwind and downwind of the road are shown 
graphically in Fig 1.   
          Although Kittelson et al (1986) and Maricq 
(2006) showed that motor vehicle emissions contain 
equal magnitudes of positive and negatively 
charged particles, this is the first time that it has         
been shown that motor vehicles emit small ions of 
both signs, of approximately equal magnitude. Note 
the sharp concentration spikes observed in both 
charge signs, especially on the downwind side of  
Table 1. Positive and negative small ion 
concentrations at background, upwind and 
downwind of the motorway in units of ions/cm-3. 
 
Background Upwind Downwind
+ 427 629 1163
- -312 -468 -1053
+ 401 669 1111
- -277 -463 -990
Mean
Median
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Positive and negative small ion 
concentrations at background, upwind and 
downwind of the motorway. 
          
the road. Closer inspection showed that these spikes 
almost always coincided with diesel heavy duty 
vehicles. The results suggest that most of the 
observed ions arise from heavy duty vehicles. 
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